Anatomical studies of the dog heart after experimental occlusion of the descending ramus of the left coronary artery show that histological evidence of necrosis of the muscle fibers is first evident 7 to 9 hours after the occlusion, at which time a hemorrhagic infarct develops. Organization of the necrotic tissue manifests itself on the fourth day and complete replacement by fibrous tissue scar occurs by the end of a month.'"0 Such findings, however, give little indication of the functional changes in the myocardium following the development of anoxemia. To study these an optical myograph of small size which recorded contraction of a small segment of muscle from the ventricular surface was devised.1' By recording myographic curves and aortic or ventricular pressure curves (with calibrated optical manometers) simultaneously, records of muscle contraction and relaxation in relation to the phases of the cardiac cycle were obtained. Normal myograms, although slightly distorted by oscillations during the isometric contraction and relaxation phases, clearly showed the natural shortening which occurs during systolic ejection and the lengthening which follows isometric relaxation. Following occlusion of the descending ramus of the left coronary artery an evoluting series of changes in the myogram was observed which indicated a progressive enfeeblement of contraction to the extent that within a minute after occlusion the zone of ischemic muscle was stretched during isometric contraction, remained stretched during systolic ejection, and shortened quickly during isometric relaxation. In brief, muscular contraction in the ischemic zone was abolished within a minute after occlusion and the stretching and shortening of the affected fibers followed passively the changes in the intraventricular pressure. When circulation was restored by release of the ligatures after short intervals of occlusion (10 minutes or less) a reversed series of changes occurred in the myogram with restoration of normal vigorous contraction in the part. In one experiment where the period of ligation was 23 minutes recovery of contraction had not occurred two hours after restoration of circulation at which time the experiment was terminated.
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The prompt asphyxial arrest of myocardial contraction leads to the consideration of the role of glycogen and its breakdown product, lactic acid, in the anaerobic activity of the myocardium. It has been shown in the dog that following occlusion of the coronary artery lactic acid accumulated in the anoxemic muscle at the expense of the stored glycogen."0' 7 Himwich3 has further postulated that the amount of lactic acid accumulated in the muscle should be sufficient to cause cramp similar to that which occurs in skeletal muscle with fatigue. Recently Clark, Gaddie, and Stewart' have studied asphyxial arrest of contraction in the frog heart. They have found that contraction continues as long as lactic acid formation continues and that the amount of lactic acid formed is adequate to supply the energy needed for the maintenance of the mechanical responses. After 10 minutes of asphyxia the mechanical response fails and concomitant with this there is a decrease in lactic acid formation. Furthermore, when hearts are perfused with an acid perfusion fluid which in the presence of oxygen has no effect on the muscular contraction there results under anaerobic conditions a rapid arrest of contraction without appreciable accumulation of lactic acid. These findings indicate that anaerobic lactic acid formation rapidly utilizes the available base and produces a reduction of the tissue pH so that further lactic acid formation is prevented and muscular contraction ceases.
Recently we' have studied in dogs the lactic acid content of the anoxemic myocardium at intervals during the first five minutes after occlusion of the descending ramus of the left coronary artery. The lactic acid content of the affected muscle increases rapidly during the first minute after ligation with no further apparent significant increase as the period of anoxemia continues, even when this period is as great as half an hour. The striking parallelism of the time relations between this apparent cessation of lactic acid formation and the myographic records of functional failure of the myocardium suggest the same mechanisms responsible for the myocardial failure as were indicated by the experiments of Clark, Gaddie and Stewart'.
That accumulation of lactate itself, as suggested by Himwich3, may also play a role in inhibiting contraction is supported by the myographic studies8 in which prompt abolition of myocardial contraction followed perfusion of the segment of myocardium through its coronary artery with blood-Locke's solution containing 400 mgm. of sodium lactate per 100 cc., while perfusion with blood-Locke's solution alone maintained vigorous contractions.
The immediate chemical and functional alterations in the myocardium with anoxemia indicates a profound disturbance in the muscle physiology, and the part that the accumulated metabolites might play as injurious agents leading to the death of the muscle cells is of interest. A group of experiments' was therefore carried out in which anoxemia was produced by clamping the descending ramus of the left coronary artery for varying intervals of time after which the circulation was restored and the experiment terminated a month later. With periods of anoxemia of 5, 15, and 30 minutes no anatomical evidence of muscular damage was observed, while after 120 minutes of anoxemia a fibrous scar, similar to those forming after infarction of the myocardium,5 10 replaced the muscle of the previously anoxemic zone.
In most of the experiments electrocardiograms2 were taken at intervals both before and after occlusion of the coronary artery. The control electrocardiograms showed marked normal variation in the T wave with T negativity in lead I as the most frequent variation and less frequent in leads II and III. The so-called characteristic coronary type T wave (Pardee) or the cove-plane type T (Oppenheimer) were encountered also in the absence of coronary ligation or evident myocardial injury.
Occlusion of the anterior descending ramus of the left coronary artery resulted in deviation of the RT and ST segments as the most conspicuous and frequent electrocardiographic evidence of focal myocardial injury. The elevation of these segments above the isoelectric level in lead I and depression below this level in lead III as described by Parkinson and Bedford6, and others, following coronary occlusion was the chief deviation observed. This type of deviation was most conspicuous during the first two hours after ligation. Increased amplitude of the T waves with directional changes characteristically opposite to the RT and ST deviations particularly in lead I, and especially, successive changes from day to day and week to week up to the longest period of observation (73 days) were particularly noteworthy. Low voltage of the initial ventricular deflection in lead I was also frequently encountered. Disturbances of rhythm which followed a fairly characteristic sequence also merit emphasis. Ventricular fibrillation was usually the cause of death of the animals and frequently developed within a few minutes after occlusion. In many instances, however, several hours intervened before ventricular fibrillation set in and the probability of its appear-ance was indicated first by the appearance of isolated premature contractions arising chiefly in the ventricular or nodal tissues, later by ectopic tachycardia (usually ventricular), and finally by a brief period of ventricular flutter. Summary 1. Histological evidence of myocardial necrosis is found 7 to 9 hours after occlusion of the anterior descending ramus of the left coronary artery. Organization of the infarct begins on the fourth day and leads to a completely healed scar at the end of a month.
2. Chemical and myographic studies indicate that cessation of lactic acid formation and of muscular contraction occur concomitantly and that the anaerobic lactic acid formation utilizing the available base lowers the tissue pH so that further lactic acid breakdown to furnish the energy for contraction is prevented.
3. Anatomical studies indicate that more than 30 minutes of anoxemia produced by temporary occlusion of the anterior descending ramus of the left coronary artery is necessary to cause death of the myocardial fibers as evidenced by replacement with fibrous tissue scar a month later.
4. Electrocardiographic studies indicate marked variation in the configuration of the T wave in control electrocardiograms. -Characteristic deviations in the RT and ST segments, directional changes in the T wave, and characteristic sequential changes in rhythm occur after occlusion of the anterior descending ramus of the left coronary artery. 
